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ABSTRACT
To explain the nature of the high reddening (AV ≃ 10 mag) towards one of the
most luminous stars in the Galaxy – Cyg OB2 #12 (B5 Ia-0), also known as MT304,
we carried out spectro-photometric observations of 24 stars located in its vicinity.
We included five new B-stars among the members of Cygnus OB2, and for five more
photometrically selected stars we spectroscopically confirmed their membership. We
constructed the map of interstellar extinction within 2.5 arcmin radius and found
that interstellar extinction increases towards MT304. According to our results the
most reddened OB-stars in the association after MT304 are J203240.35+411420.1 and
J203239.90+411436.2, located about 15 arcsec away from it. Interstellar extinction
towards these stars is about 9 mag. The increase of reddening towards MT304 suggests
that the reddening excess may be caused by the circumstellar shell ejected by the
star during its evolution. This shell absorbs 1 mag, but its chemical composition
and temperature are unclear. We also report the detection of a second component of
MT304, and discovery of an even fainter third component, based on data of speckle
interferometric observations taken with the Russian 6-m telescope.
Key words: stars: early-type – Stars, stars: massive – Stars, (Galaxy:) open clusters
and associations: individual: Cygnus OB2 – The Galaxy, (ISM:) dust, extinction – In-
terstellar Medium (ISM), Nebulae, techniques: high angular resolution – Astronomical
instrumentation, methods, and techniques, (stars:) binaries: visual – Stars
1 INTRODUCTION
Stellar association Cyg OB2 (VI Cyg) is one of the
closest star formation regions to the Sun (distance is
1.4 ± 0.1 kpc (Rygl et al. 2012)) which was discovered by
Mu¨nch & Morgan (1953) in the middle of the last cen-
tury. As of now Cyg OB2 is one of the richest OB asso-
ciations known in our Galaxy. According to Wright et al.
(2015) it consists of at least 169 OB-stars, and its to-
tal mass is 16 500M⊙. A zoo of unique objects is assem-
bled in Cyg OB2, such as two stars of early spectral class
O3f (Cyg OB2 #71 and #22), four stars are Ofc objects
⋆ E-mail: olga.maryeva@gmail.com
1 Here and below the notation Cyg OB2 #N means the name in
the catalog by Schulte (1958).
(Cyg OB2 #9, #11, #8A and #8C), and there is also an
enigmatic star Cyg OB2 #12 (Schulte 12, MT304). MT3042
is enigmatic not only due to its high luminosity (its bolo-
metric luminosity is 1.9 · 106L⊙ (Clark et al. 2012) and ac-
cording to various estimates, the star is one of the brightest
stars in the Galaxy (Clark et al. 2012)), but also because of
its strong reddening, which is higher than average reddening
of the massive stars in the association (see Chentsov et al.
(2013) and references therein, and Wright et al. (2015)).
MT304 is classified as B5 Ia-0 (Chentsov et al. 2013)
or B3-4 Ia (Clark et al. 2012) hypergiant. Since the star
lies on the Hertzsprung-Russell (H-R) diagram higher than
the Humphreys-Davidson (H-D) limit, it is included in the
2 MT is the catalogue of Cyg OB2 members by
Massey & Thompson (1991)
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Table 1. Observations log. ∆λ is the spectral resolution in 4000–
5700 A˚. In lower table NMT is the number of non-saturated
and measured accurately enough stars from Massey & Thompson
(1991) we used for photometric calibration. The last column
shows the mean photometric error of stars measured on given
image.
Spectroscopy with SCORPIO on 6-m telescope
Seeing ∆λ Spectral
Date [′′ ] [A˚] standard
star
2013 May 30 1.1-1.3 6.4 BD33d2642
2014 Mar 7 3.2 6.6 HZ44
2014 Mar 8 3.0 6.0 BD75d325
2014 Jul 31 1.2-1.5 7.4 BD28d4211
2014 Aug 3 1.2-1.5 8 BD33d2642
Photometry with SCORPIO on 6-m telescope
Filter Exp. NMT
Time [s]
2013 May 30 B 3 18 0.02
B 30 18 0.05
V 1 18 0.01
V 30 12 0.01
Photometry on Zeiss-1000
2012 Oct 14 B 200 33 0.03
V 120 31 0.02
list of Galactic candidate Luminous Blue Variables (cLBV)
(Clark et al. 2005; Vink 2012); however, it lacks the char-
acteristic brightness variability an LBV should possess. Un-
til now only the changes of spectral line profiles with time
are detected (Chentsov et al. 2013). Clark et al. (2012) ana-
lyzed spectral and photometric observations of MT304, ob-
tained since 1954 and concluded that flux and spectral ap-
pearance of MT304 are relatively constant, and they classi-
fied the star as a blue hypergiant (BHG).
Interstellar extinction towards Cyg OB2 was investi-
gated in some works (Hanson 2003; Wright et al. 2010).
Kiminki et al. (2007) determined the extinction for all
bright (V < 15 mag) stars belonging to association and
found that extinction is inhomogeneous with AV varying
between 3.5 and 7.7 mag (except for MT 304). Drew et al.
(2008) using data from the INT/WFC Photometric Hα Sur-
vey (IPHAS) found clustered A-type stars at distance of
20 arcmin south of the centre of Cyg OB2 and estimated ex-
tinction for these stars 4.5 < AV < 7 mag. IPHAS data also
were used by Sale et al. (2009) for constructing a 3D map
of Galactic extinction. They show that towards Cyg OB2 at
distance of 1 kpc AV reaches about 2 mag and then rapidly
increases up to 6 mag at 2 kpc. Guarcello et al. (2012) sup-
posing that the age of the association is 3.5 Myr constructed
the map of reddening with angular resolution of 3 arcmin
based on multicolor photometry. Using r − i versus i − z
color-color diagram they found that extinction is between
2 mag and 6 mag, and mean extinction in the center of
Cyg OB2 is AV = 4.33 mag. Recently Wright et al. (2015)
estimated mean extinction for stars belonging to the asso-
ciation as AV = 5.4 mag, while for a half of stars AV is in
range 4.5-6.7 mag.
Compared to other bright massive stars in the associa-
tion MT304 is significantly more reddened. At first Sharpless
(1957) estimated interstellar extinction towards it as AV ≃
10.1 mag. This estimate is in good agreement with modern
data (Kiminki et al. 2007; Wright et al. 2015). According
to Wright et al. (2015) the difference between MT304 and
MT488, second most reddened OB-star, is ∆AV = 1.9 mag.
Nature of this excessive absorption remains unclear. Does it
originate in a small dense dust cloud which is accidentally
caught in the line of sight (see Whittet (2015) and discussion
therein)? Or does it arise in a circumstellar shell (see for
example Chentsov et al. (2013))? Clark et al. (2012), who
analysed MT304 spectrum using cmfgen atmospheric code
(Hillier & Miller 1998), did not find any evidence of an in-
frared emission of dust with temperatures typical for LBV
ejected shells, and therefore the circumstellar origin of the
reddening is questionable.
Recently Caballero-Nieves et al. (2014) reported the
discovery of a second component of MT304 based on obser-
vations of the Hubble Space Telescope (HST). The distance
between the components is 63.6 mas and the magnitude dif-
ference is ∆m=2.3±0.2 mag in F583W filter. Such a fainter
component can not significantly bias the reddening estima-
tion of MT304.
In order to investigate the extinction near MT304 we
carried out long-slit spectroscopy and photometry of stars
within 2.5 arcmin from it. Moreover we refined param-
eters of the second companion of MT304 using speckle-
interferometer observations with the Russian 6-meter tele-
scope. In this article we will report the results of these ob-
servations.
This paper is organized as follows. The observational
data and data reduction process are described in the next
section. Results are presented in Section 3, and are discussed
in Section 4. Finally, in Section 5 we summarize the main
points of our work.
2 OBSERVATIONS
2.1 Long-slit spectroscopy
Longslit spectroscopy of stars close to MT304 was car-
ried out with the Russian 6-m telescope with the Spectral
Camera with Optical Reducer for Photometric and Inter-
ferometric Observations (SCORPIO) (Afanasiev & Moiseev
2005) during five nights in 2013-2014, using the grism
VPHG 1200G. Also, every night the spectrum of a spec-
trophotometric standard star from the list of Oke (1990)
has been obtained for flux-calibration. Names of standard
stars are given in the last column of Table 1. Table 1 lists
the dates of the observations and seeings, as well as the spec-
tral resolution estimated for every night using the spectrum
of He-Ar-Ne lamp.
Figure 1 shows area around MT304, the stars ob-
served spectroscopically are marked by circles and are num-
bered except for USNO-B1.0 1312-0389914 (α = 20 : 32 :
56.696, δ = +41 : 15 : 41.26); the identification chart for
the latter object is given separately in the Figure 2. Table 2
provides the catalog names of these stars and their numbers
in Figure 1.
All the SCORPIO spectra were reduced using the ScoRe
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Figure 1. Color image (B, V and R bands) of the central part
of Cyg OB2 close to MT304, obtained with SCORPIO. Circles
mark the stars studied in this work.
Figure 2. Identification chart of the star USNO-B1.0 1312-
0389914 from DSS.
package3. ScoRe was written by Maryeva and Abolmasov in
IDL language for SCORPIO long-slit data reduction. Pack-
age incorporates all the standard stages of long-slit data
reduction process. The resulting spectra in flux units are
shown in Figures 8-14 in the Appendix.
Table 2. The sample of stars studied in this work. N is la-
bels according to Figure 2, SDSS – name in Sloan Digital
Sky Survey (SDSS) catalog, MT/AFM – name in catalog by
Massey & Thompson (1991) or Albacete Colombo et al. (2007).
N SDSS MT/AFM
1 J203250.75+411502.2 MT343
2 J203250.25+411448.4 MT340
3 J203248.62+411429.8 MT333
4 J203247.28+411339.0
5 J203247.17+411501.0
6 J203245.07+411416.5 AFM91
7 J203243.84+411446.5
8 J203243.61+411513.9 AFM79
9 J203243.49+411445.1 AFM85
10 J203243.01+411529.9
11 J203241.84+411422.14 MT309
12 J203241.80+411439.2
13 J203240.89+411429.6 MT304
14 J203240.35+411420.1
16 J203239.90+411436.2
17 J203238.51+411541.2 MT297
18 J203238.09+411441.8
19 J203237.89+411509.7 MT294
20 J203236.58+411644.7
21 J203235.63+411509.6 AFM27
22 J203235.33+411445.3 MT282
23 J203233.44+411406.0
24 J203233.07+411359.6
25 J203231.49+411408.4 AFM17
2.2 Photometry
Images of the region around MT304 in B and V filters
have been acquired on May 30 2013 using the direct imag-
ing mode of SCORPIO focal reducer (Afanasiev & Moiseev
2005) mounted on the Russian 6-m telescope, and on Octo-
ber 14 2012 using the CCD photometer of Zeiss-1000 tele-
scope of Special Astrophysical Obsery of Russian Academy
of Science (SAO RAS). The observations are summarized
in Table 1. The images have been bias subtracted and flat-
fielded. The field is not crowded and the stars are well sepa-
rated and well sampled, so we performed the aperture pho-
tometry using the SExtractor package (Bertin & Arnouts
1996). We applied circular apertures with the radius equal to
mean full width at half-maximum (FWHM) measured over
the stellar profile. The FWHM has been quite stable over the
field in all filters we used. No aperture corrections are taken
into account. Instead, we calibrated the instrumental mag-
nitudes for every image by measuring the stars with B and
V photometry published by Massey & Thompson (1991).
To solve the photometric equation linking the instrumen-
tal magnitudes in two bands to catalogued values in stan-
dard photometric bandpasses, we iteratively computed using
weighted least squares the mean zero point (which includes
both the instrumental zero point and the atmospheric ex-
tinction) and the color correction term (proportional to the
difference of instrumental magnitudes in two bands) and
then excluded the calibration stars whose measurements de-
3 ScoRe package http://www.sao.ru/hq/ssl/maryeva/score.html
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viate from Massey & Thompson (1991) values for more than
two ensemble standard deviations. Then, using the derived
parameters of photometric equation, we converted our in-
strumental magnitudes for every star to the magnitudes in
photometric system of Massey & Thompson (1991).
The resulting number of calibration stars used to solve
the photometric equation on each image is listed in Table 1.
The uncertainly of this zero point is the primary source of
errors in our photometry, as the internal accuracy of flux
measurements is typically much less than 0.01 magnitude,
and it may therefore may be considered the error of our
photometric measurements. It is also listed in Table 1.
Most of the stars, except for MT340, MT304 and
AFM17, are unsaturated on 30-s exposure images acquired
with SCORPIO, so we used these frames to measure their
magnitudes. Photometry of the brightest stars has been per-
formed on 1-second exposure frame in V filter and 3-second
exposure frame in B filter from the same instrument. One
star, USNO-B1.0 1312-0389914, is outside the SCORPIO
frames, and we measured it from images acquired by Zeiss-
1000 telescope and using the same procedure.
Table 3 shows the photometry of all stars in our sample,
as well as their B-V colors.
2.3 Speckle-interferometery
Caballero-Nieves et al. (2014) discovered a second compo-
nent of MT304, with the separation between the compo-
nents of 63.6 mas and the magnitude difference of ∆m=2.3±
0.2 mag in F583W filter. To confirm it, and to measure the
brightness difference on other spectral bands, as well as to
better study the immediate neighbourhood of MT304 in
general, we performed speckle-interferometric observations
with the Russian 6-m telescope on February 12 and De-
cember 5 2014. The speckle interferometer we used is based
on the fast and low noise electron-multiplying CCD (EM-
CCD) with 512× 512 elements (Maksimov et al. 2009). It is
equipped with ×16 microobjective providing 4.5′′×4.5′′ field
of view with 9.118 ±0.004 milliarcsecond (mas) per pixel an-
gular resolution, and it reaches the diffraction limit, which
is 0.02′′ for a 6-m telescope in the visual range (λ ∼ 5000 A˚)
and 0.033′′ in the near-infrared (λ ∼ 8000 A˚). The obser-
vations run typically implies the acquisition of 2000 con-
secutive images with 20ms exposure, every image – speckle
interferogram – being the convolution of an instant point-
spread function, defined mainly by the atmospheric turbu-
lence, with the true brightness distribution of the studied
object (Labeyrie 1970).
Methods of speckle interferometric data reduction from
6-m telescope are described in Maksimov et al. (2009) and
Balega et al. (2002). For the point-like objects they are
based on the analysis of the autocorrelation functions and
two-dimensional power spectra computed for every image
and then averaged over the sequence. Every companion
present in the system generates two symmetric peaks in the
autocorrelation, and the series of fringes in power spectrum,
with fringe contrast and period defined by the magnitude
difference and angular separation of the companion from
the central object. Fringes orientation determines position
angle of components with uncertainty ±180 ◦. Due to high
dynamic range of the EMCCD camera we use, magnitude
difference up to 6mag can be measured.
We also used the image reconstruction method based on
the bispectral analysis method (Lohmann et al. 1983) which
allows us to estimate the true brightness distribution of the
system and to reliably determine the positional angle of the
companions.
Observations were carried out in the visual and near-
infrared spectral ranges with filters having central wave-
lengths of 7000, 8000 and 9000 A˚ and pass-band halfwidths
of 400, 1000 and 800 A˚ correspondingly (Table 4). Atmo-
spheric seeings, estimated using the images averaged over
the whole sequence (which is equivalent to an usual long-
exposure imaging), were 1.2′′ and 1.5′′, correspondingly.
The autocorrelation function (see left panels of Fig-
ures 3 and 4) clearly displays the second component of
MT304, discovered by Caballero-Nieves et al. (2014). More-
over, the fainter third companion is also seen with the sig-
nificance better than at least 7 sigmas. The reconstructed
images, shown in right panels of Figures 3 and 4, also display
both components in all four sets of observations.
The measured parameters are given in Table 4; for the
second component they are well consistent with the esti-
mates by Caballero-Nieves et al. (2014).
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Table 3. Interstellar extinction and distance towards the stars close to MT304. First column is the source name in the catalog by Massey & Thompson (1991) or Albacete Colombo et al.
(2007), 2 – name in Sloan Digital Sky Survey (SDSS) catalog. Columns 3 and 4 point out the range of spectral subclasses, while columns 5, 6 and 7, 8 show the values of absolute star
magnitude MV and intrinsic color index (B-V)0 corresponding to this range. Following this logic, columns 14 and 15 point out the range of AV for all sample stars, while columns 16,
17 the range of distances.
MV (B-V)0 B V (B-V) EB−V AV D
AFM/MT SDSS Spec. type [mag] [mag] [mag] [mag] [mag] [mag] [mag] [kpc]
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17)
Stars between us and the association
MT340 J203250.25+411448.4 G8 V G9 V +5.5 +5.7 +0.74 +0.775 14.68 13.7 0.98 0.24 0.205 0.72 0.615 0.31 0.3
J203247.28+411339.0 K0 V K7 V +5.9 +8.1 +0.81 +1.33 18.53 17.08 1.45 0.64 0.13 1.94 0.38 0.7 0.5
J203243.84+411446.5 K0 V K2 V +5.9 +6.4 +0.81 +0.91 20.9 19.2 1.7 0.9 0.8 2.7 2.4 1.3 1.2
AFM85 J203243.49+411445.1 K7 V M2 V +8.1 +9.9 +1.33 +1.49 19.63 18.05 1.6 0.27 0.1 0.8 0.3 0.7 0.4
J203243.01+411529.9 M2 V M5 V +9.9 +12.3 +1.49 +1.64 19.37 17.73 1.64 0.15 0 0.45 0 0.3 0.1
MT309 J203241.84+411422.14 G8 V K1 V +5.5 +6.15 +0.74 +0.86 16.0 15.0 1.00 0.26 0.13 0.8 0.4 0.6 0.5
MT297 J203238.51+411541.2 G8 V K0 V +5.5 +5.9 +0.74 +0.81 17.3 16.14 1.16 0.42 0.35 1.16 1.25 0.75 0.7
MT294 J203237.89+411509.7 F0 V F1 V +2.7 +3.15 +0.3 +0.325 16.64 15.41 1.23 0.93 0.9 2.79 2.71 1.0 0.8
J203236.58+411644.7 K1 V K7 V +6.15 +8.1 +0.86 +1.33 22.4 20.44 1.96 1.1 0.64 3.3 1.9 1.6 1.2
J203233.07+411359.6 F8 V G2 V +4.0 +4.7 +0.52 +0.63 18.93 17.43 1.5 0.98 0.87 2.94 2.6 1.25 1.05
Stars member of the association
MT343 J203250.75+411502.2 B1 V B2 V -3.2 -2.45 -0.26 -0.24 16.4 14.41 2.00 2.26 2.24 6.78 6.72 1.5 1.1
MT333 J203248.62+411429.8 B1 V B2 V -3.2 -2.45 -0.26 -0.24 17.9 15.6 2.30 2.56 2.54 7.7 7.63 1.6 1.2
AFM91 J203245.07+411416.5 B8 V A1 V -0.25 +1.0 +0.11 +0.01 21.2 18.93 2.27 2.38 2.27 7.16 6.8 2.5 1.6
AFM79 J203243.61+411513.9 B5 V B7 V -1.2 -0.6 -0.17 -0.13 19.85 17.62 2.23 2.4 2.36 7.2 7.0 2.0 1.6
J203241.80+411439.2 B5 V B9 V -1.2 +0.2 -0.17 -0.07 21.8 19.05 2.75 2.93 2.83 8.78 8.5 1.9 1.2
MT304 J203240.89+411429.6 B5 Ia-0 -8.4 -0.08 14.76 11.5 3.26 3.34 10.0 1.1
J203240.35+411420.1 B2 V B5 V -2.45 -1.2 -0.24 -0.17 20.67 17.86 2.81 3.05 2.98 9.15 8.94 1.7 1.1
J203239.90+411436.2 B5 V B6 V -1.2 +0.9 -0.17 -0.15 21.68 18.84 2.84 3.01 3.0 9.03 9.00 1.6 1.4
J203238.09+411441.8 B5 V B7 V -1.2 -0.6 -0.17 -0.13 20.93 18.33 2.6 2.78 2.74 8.32 8.2 1.7 0.8
AFM27 J203235.63+411509.6 B1 V B2 V -3.2 -2.45 -0.26 -0.24 18.2 15.9 2.32 2.58 2.56 7.75 7.7 1.8 1.4
MT282 J203235.33+411445.3 B1 V B1 IV -3.2 -3.8 -0.26 17.31 14.9 2.42 2.68 8.04 1.0 1.4
AFM17 J203231.49+411408.4 O7.5 Ib IIf -6.3 -5.8 -0.31 -0.32 15.14 12.9 2.24 2.56 2.57 7.68 7.7 2.0 1.6
USNO-B1.0 1312-0389914 B7 V A2 V -0.6 +1.3 -0.13 +0.05 19.19 17.27 1.92 2.05 1.87 6.15 5.61 2.2 1.2
Stars behind the association
J203233.44+411406.0 B5 V B7 V -1.2 -0.6 -0.17 -0.13 20.53 18.31 2.22 2.39 2.35 7.16 7.04 2.9 2.3
J203247.17+411501.0 G8 III K0 III +0.8 +0.7 +0.94 +1.0 21.73 18.78 2.95 2.01 1.95 6.02 5.85 2.5 2.8
* – values of MV and (B-V)0 are taken from Schmidt-Kaler (1982).
6 Maryeva et al.
3 RESULTS
We performed the spectral classification of the stars in our
sample in two different ways: 1) qualitatively using spectral
atlases by Jacoby et al. (1984) and Walborn & Fitzpatrick
(1990), and 2) automatically by means of χ2 fitting with
spectral standards from STELIB4 (see Le Borgne et al.
(2003)). In the latter method, similar to the one used by
Abolmasov et al. (2010), we normalized the spectrum of
studied star to the continuum level, and then compared it
with the spectra taken from STELIB, convolved with spec-
tral resolution of the observed spectrum.
For nearly all sample stars the spectral types esti-
mated with both methods are the same; when they differ
we widen the uncertainty of the spectral type in the Table 3
to cover the results of both methods. For determination of
the luminosity class of the B stars we used hydrogen lines
which weaken with increasing luminosity (see, for example,
Gray & Corbally (2009)). For later spectral classes we also
used ratios of luminosity sensitive lines. We assume that
those stars for which we could not estimate the luminosity
class are dwarfs, i.e. luminosity class V. This assumption is
based on the much greater number of dwarf stars. Anyway,
it does not introduce significant errors for the determination
of reddening, as the dwarfs and giants has similar intrinsic
color indices. By combining estimates of spectral types with
the photometric data we measured the individual interstel-
lar extinction AV :
AV = RV · EB−V
where EB−V = (B − V )− (B − V )0 and we assume RV = 3
according to Hanson (2003). For estimation of distances D
towards the stars we used the classical formula:
log D = 0.2× (V −MV − AV + 5).
Fundamental stellar parameters – such as absolute star mag-
nitudes MV and intrinsic color indices (B-V)0 – were taken
from Schmidt-Kaler (1982). The range of possible spectral
types for every star corresponds to the range of MV and (B-
V)0, which in turn give the range of interstellar extinction
and distances.
Together with MT304, only MT343
(J203250.75+411502.2) and J203231.49+411408.4 were
previously studied spectroscopically. Our spectral classifica-
tion of MT343 as B1 V star is consistent with Kiminki et al.
(2007). For J203231.49+411408.45 we adopt the classifi-
cation of Negueruela et al. (2008) as a O7.5 Ib-II(f) star
because the spectrum of this star we obtained is of low
resolution.
We can not reliably determine the luminosity class of
4 STELIB http://webast.ast.obs-mip.fr/stelib
5 Object J203231.49+411408.4 was included in the list of mem-
bers of Cyg OB2 association by Comero´n et al. (2002) based
on near-infrared spectroscopy and JHK-photometry and named
A11. The object was identified with X-rays source AFM17
by Albacete Colombo et al. (2007). We, as Kobulnicky et al.
(2012), suppose that J203231.49+411408.4 is the same object as
MT267, although Kiminki et al. (2007) classified MT267 as G-
type star. Interstellar extinction AV measured by (B-V) agrees
with one measured by Comero´n & Pasquali (2012) using 2MASS
(J − KS), and the distance we estimated is an evidence that
J203231.49+411408.4 belongs to the Cyg OB2.
J203247.17+411501.0, which has G8-K0 spectral type. The
interstellar extinction toward this star, AV ≃ 6.1 mag, is
fairly large. If we assume that the star is a dwarf, using
the fundamental stellar parameters MV and (B-V)0 for G8-
K0 V type, we find that the star is at a distance of about
200 pc, and if it is subgiant – the distance increases to 700-
800 pc. But such high interstellar extinction is not typical
for the stars in solar neighborhood. According to the study
of Sale et al. (2009), for the stars in the field of Cyg OB2
interstellar extinction reaches 5 mag at a distance of more
than 2 kpc. Therefore, we assume that J203247.17+411501.0
is a giant and it is located behind the association at about
2.5 kpc.
The star J203235.33+411445.3 or MT282 has a spec-
trum typical of B1-type and strong (AV > 8 mag) interstel-
lar extinction, therefore we decide that the object lies in the
association and classify it as B1 IV. The fact that the ab-
sorption lines in the spectrum of MT282 are not as deep as
those in the spectrum of MT343 (classified as B1 V dwarf)
supports the classification of MT282 as a subgiant.
Table 3 shows that about half of the stars lie between us
and the Cyg OB2 association. Interstellar extinction clearly
increases with distance and also becomes inhomogeneous on
d > 1 kpc. It is basically consistent with interstellar dust
reddening map of Green et al. (2015). Moreover, there is one
star J203233.44+411406.0 situated behind the association
like J203247.17+411501.0. Figure 5 shows stars lying in front
of, in and behind the association by different symbols.
4 DISCUSSION
4.1 The secondary component of MT304
We conducted speckle interferometric observations of
MT304 in February and December 2014. As can be seen
in Table 4 during these 10 months the position angle
of the secondary component component has changed by
1.7 deg, greatly exceeding the measurement errors. It
strongly favours the physical connection between A and B
components. Our measurements together with the results of
Caballero-Nieves et al. (2014) suggest a rotation period of
the secondary component of about 100-200 years. The mo-
tion of the secondary component is large enough to build the
orbit of the system in ten years of observations and therefore
to derive the mass ratio of these stars.
The observed spectrum of MT304 does not display any
lines of the secondary component (see e.g. Chentsov et al.
(2013)) and is perfectly fit by a single star model
(Clark et al. 2012), and therefore we may suggest that the
secondary component is a B dwarf with spectrum similar
to the one of the brighter star. Dedicated observations with
high signal to noise ratio are definitely necessary to classify
it better. We can not presently say anything about the third
component, but its spatial proximity suggests that it may
belong to the Cyg OB2 association and be physically con-
nected to MT304 too. We will perform further observations
of this system.
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Figure 3. The autocorrelation functions (left) and the reconstructed images (right) of MT304 multiple system in the 7000/400 A˚ filter
(upper panel) and 8000/1000 A˚ (lower panel). Observations were carried out on February 12 2014.
4.2 The stellar cluster around MT304
Direct imaging and speckle interferometric observations
clearly display the cluster of stars around MT304. Fig-
ure 5 shows that MT304 is surrounded by five stars. MT309
(J203241.84+411422.14, marked by number 11 in the Fig-
ure 5) is a foreground star according to our estimate of the
distance (see Table 3). The stars marked as 12, 14 and 16
belong to Cyg OB2 and they are the most reddened massive
stars in Cyg OB2 after MT304. One more star is marked by
number 15. It is weak, with stellar magnitude greater than
V=20 mag. We could not obtain its spectrum. Until we get
new data we can not confirm the membership of this star.
We are planing future observations of this object.
Thus the multiple system MT304 is part of a group
which consists of seven (three speckle-resolved components
of MT304, three nearby hot stars definitely belonging to the
association and one more star also supposedly belonging to
it).
4.3 The nature of the reddening affecting MT304
In this section we analyze the nature of the intense redden-
ing affecting MT304, compared with the other massive stars
of Cyg OB2. The typical (B − V )0 color index for B5 Ia
star is -0.08 (Schmidt-Kaler 1982), while for MT304 it is
3.26. Hence the color excess is EB−V = 3.34 mag, that cor-
responds to AV = 10 mag, assuming RV = 3 according
to Hanson (2003). This excess can not be explained by an
error in the spectral classification (to reduce the extinction
down to e.g. AV = 9.0 mag the star should be of F0 class, see
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Figure 4. The autocorrelation functions (left) and the reconstructed images (right) of MT304 multiple system in the 9000/800 A˚ filter
(upper panel) and 8000/1000 A˚ (lower panel). Observations were carried out on December 5 2014.
Schmidt-Kaler (1982)) or the distance to the star (which def-
initely belongs to the association, see Chentsov et al. (2013)
and discussion therein). It might be due to the fact that
MT304 is a multiple system, and therefore its (B − V )0
might differ from the one of a single B5 Ia-0 star. However,
the spectral lines of the second component are not detected
in the spectrum of MT304, and therefore the second com-
ponent should also be a B spectral type star, which can not
significantly bias the spectral slope and therefore the extinc-
tion estimation. Contribution of the third companion may
also be neglected due to large difference in brightness (nearly
5 mags). Thus we may assume that the AV excess observed
in MT304 with respect to others stars is real.
Table 5 shows the comparison of our results with previ-
ous studies. Its upper half contains the most reddened OB
stars with AV > 7 according to Wright et al. (2015), while
the lower part the most reddened objects as measured by us,
selected from Table 3. Two stars, MT304 and AFM17, in-
cluded in both parts of the table are shown in bold. We
analyzed the stars with V=13-20 mag and we increased
the number of highly reddened massive stars, reducing the
difference in reddening between MT304 and other mem-
bers of the association. Before our study MT488 (USNO-
B1.0 1312-0390173) was the second reddened massive star
(∆AV = 1.8 mag) after MT304. Now J203240.35+411420.1
and J203239.90+411436.2 are the most reddened massive
stars and the difference is reduced down to 0.9 ± 0.1 mag.
However MT304 remains the most reddened among massive
stars in Cyg OB2.
Figure 6 shows the map of interstellar extinction based
High reddening of MT304 9
Table 4. Resolved companions of MT304. θ is the measured position angle, ρ is the measured angular separation, ∆m is the observed
magnitude difference, λ is the central wavelength of the filter used for the observation, ∆λ – the full width at half-maximum (FWHM)
of the filter passband.
Pair Epoch θ, [◦] ρ ∆m λ ∆λ
[mas] [mag] [nm] [nm]
AB 2014.1198 293.0 ± 0.3 65± 1 1.79± 0.02 700 40
2014.1199 293.0 ± 0.3 64± 2 1.75± 0.03 800 100
2014.9290 291.7 ± 0.3 64± 2 2.0± 0.1 800 100
2014.9290 291.7 ± 0.3 69± 2 1.8± 0.1 900 80
AC 2014.1198 271.3 ± 0.2 1246 ± 2 4.8± 0.2 700 40
AB∗ 2006.2346 305.9
283.5
± 3.3 63.5± 3.5 2.3± 0.2 583 234
∗ Data taken from Caballero-Nieves et al. (2014)
Figure 5. R band image of the central part of Cyg OB2 close
to MT304 obtained with SCORPIO. Circles mark the stars be-
longing to the association, triangles foreground stars and squares
stars behind the association. Dot-dashed lines show contours of
the 13 CO integrated intensity
∫
T ∗
A
dv. The contours range from
0.2 to 3.6 K km s−1 in steps of 0.3 K km s−1. The contours are
taken from Scappini et al. (2002).
on the data shown in Table 3. This figure is analogous to Fig-
ure 4 in Wright et al. (2015), but with much better spatial
resolution around MT304. Extinction clearly increases with
approaching to MT304, as it is shown in left panel of Fig-
ure 7. For the stars located within 30 arcsec from MT304
the extinction is higher than 8.5 mag (Table 3), i. e. one
magnitude greater than for the other stars in this part of
the association.
Whittet (2015) explained the reddening toward MT304
as resulting from the accidental superposition of two or more
clumps along the line of sight. Scappini et al. (2002) pro-
vided evidence for the existence of two molecular regions in
its vicinity at 7 and 12 km s−1. Figure 6 displays the con-
Figure 6. Voronoi tessellated extinction map (one star per
Voronoi cell) for twelve sample stars (except for USNO-B1.0 1312-
0389914) belonging to Cyg OB2. As well as on the previous figure
dash-dotted lines show contours of the 13 CO integrated intensity∫
T ∗
A
dv.
tours of the 13CO integrated intensity
∫
T ∗A dv at 12 km s
−1
taken from Scappini et al. (2002), which shows the clump
consisting of two cores – A and B (marked on Figure 6), core
A being the nearest to MT304. Figure 7, however, demon-
strates that the AV quantity clearly depends on the distance
from MT304, and does not show similar dependency on the
distance from Core A center. Besides, the stars 6, 12 and
14 in Figure 5 are at the same distance from the Core A
center as MT304, but their reddening is significantly lower.
Therefore, we suggest that the reddening excess is not di-
rectly related to the nearby clump. The same is also valid
for for the second cloud, Core B – the stars 21, 22 and 25 in
Figure 5 are closer to its center than MT304, but still have
lower reddening (AV < 8 mag).
It is unlikely that MT304 is still in its protostellar phase,
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whose lifetime is very short for such massive stars. We can
exclude then the hypothesis that the high reddening affect-
ing this stars is due to some surrounding collapsing parental
cloud. It may be, however, attributed to the nebula ejected
by MT304 itself during its evolution. Circumstellar nebu-
lae ejected during the blue supergiant phase (Lamers et al.
2001) are observed around many LBVs and cLBVs (see for
example Martayan et al. (2016)). HD168625, which has the
spectrum similar to MT304 (Klochkova & Chentsov 2004)
and, like MT304, is a BHG/cLBV star, also has a nebula
around with size 0.13× 0.17 pc (Weis 2011). Strong circum-
stellar extinction is not seen for most of the Galactic LBV
stars, or it is difficult to separate from interstellar extinc-
tion, as in the Pistol star case, which is completely obscured
in optical range. On the other hand, there are cases such as
the Homunculus nebula around η Car, which absorbs 2 mag
and has size of 0.2 pc (Davidson & Humphreys 1997; Weis
2011). Therefore, the extinction seen in MT304 may also
be partially (up to 2 mags) of circumstellar nature. Prob-
ably, the nebula around MT304 might be seen on direct
images, but strong interstellar extinction and the proximity
of other stars hinder this. The argument against the circum-
stellar origin of the reddening, however, is the absence of any
evident infrared excess in the multiwavelength spectrum of
MT304 (Clark et al. 2012), which is typical for circumstellar
shells. Moreover, the survival of such a nebula in a dense stel-
lar cluster around MT304 is also an open question6. There-
fore, the exact location of the material responsible for the
extra reddening is still not clear.
5 CONCLUSIONS
To study the high reddening affecting the hypergiant
Cyg OB2 #12 (MT304) we conducted longslit spectroscopy
and photometry of 24 stars with V=13-20 mag laying within
2.5 arcmin from this hypergiant. For 22 of these stars the
spectroscopy was performed for the first time. We con-
firmed spectroscopically the membership of MT282 and
MT333, previously classified as members photometrically by
Massey & Thompson (1991), as well as for AFM27, 79 and
91 which have been previously selected by X-ray emission
(Albacete Colombo et al. 2007). Our spectroscopic analysis
also demonstrated that five more stars, not included pre-
viously, are also members of the association. Thus, the ex-
tended the list of Cyg OB2 massive stars by ten more B
stars.
Spectral analysis shows that:
• only 13 of the studied stars, along with MT304, belong
to Cyg OB2.
• the stars MT294, MT297, MT309 and MT340 selected
photometrically by Massey & Thompson (1991) are not
members of the association, being in the foreground instead.
• interstellar extinction increases while approaching to
MT304.
• J203240.35+411420.1 and J203239.90+411436.2 are the
most reddened massive stars after MT304. They are located
6 We may, however, note here that all the stars except for MT304
itself are low-luminosity B-dwarfs which may not easily evaporate
the dust on a scales of tenths of parsec.
within 13 and 15 arcsec away from MT304 and their AV are
9.1± 0.1 mag and 9.02 ± 0.02 mag respectively.
Our speckle-interferometer observations confirmed that
MT304 has a second companion, which was discovered by
Caballero-Nieves et al. (2014). We detected its orbital mo-
tion which suggests that the orbital period of the system
ranges from 100 to 200 years. We also observed for the first
time a third component which is weaker than main compo-
nent by 4.8 mag.
Our study of the spatial variability of the interstellar
reddening in the vicinity of MT304 revealed its strong in-
crease towards the star, from the mean field value of 8 mag
to 9 mag for closest stars to 10 mag for MT304 itself. This
excess of nearly 2 mag may be due to a circumstellar shell
with radius of some tenths of parsec, large enough to par-
tially obscure the closest stars also.
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APPENDIX A
Spectral data.
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Figure 8. From the top panel downward, spectra of the stars: J203231.49+411408.4, J203235.63+411509.6, J203243.61+411513.9 and
J203243.49+411445.1.
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Figure 9. From the top panel downward, spectra of the stars: J203245.07+411416.5, J203235.33+411445.3, J203237.89+411509.7 and
J203235.63+411509.6.
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Figure 10. From the top panel downward, spectra of the stars: J203240.89+411429.6, J203241.84+411422.14, J203248.62+411429.8 and
J203250.25+411448.4.
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Figure 11. From the top panel downward, spectra of the stars: J203250.75+411502.2, J203247.28+411339.0, J203247.17+411501.0 and
J203243.84+411446.5. For comparison the reddened spectrum of HD113226 (G8 III) is shown in the third panel by dashed line.
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Figure 12. From the top panel downward, spectra of the stars: J203243.01+411529.9, J203241.80+411439.2, J203240.35+411420.1 and
J203239.90+411436.2. For comparison the reddened spectra of HD144206 (B9 III), HD39866 (A2 II) and HD147394 (B5 IV) are shown
by dashed lines.
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Figure 13. From the top panel downward, spectra of the stars: J203238.09+411441.8, J203236.58+411644.7, J203233.44+411406.0 and
J203233.07+411359.6. For comparison the reddened spectra of HD157881 (K7 V) and HD147394 (B5 IV) are shown by dashed lines.
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Figure 14. Spectrum of USNO-B1.0 1312-0389914.
